Abstract A transdisciplinary approach incorporating biological, psychological, behavioral, and genetic factors was taken to better identify proposed moderators of the effectiveness of an intervention to increase physical activity. This paper illustrates how theory-based individual difference variables can be integrated into a complex randomized controlled trial. The transdisciplinary framework guiding the selection of moderators, the COSTRIDE intervention study and sample, and the relationships among baseline variables are provided. Participants were non-active individuals randomly assigned to either the STRIDE exercise or health-andwellness contact control condition. Structural equation modeling was utilized to demonstrate that relationships among baseline variables confirm hypothesized relationships in the transdisciplinary framework. Preliminary data from COSTRIDE suggest that interventions among sedentary individuals may be more effective if a broader range of factors influencing physical activity are considered.
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Background
Although the importance of physical activity is well known, many individuals remain sedentary (Pleis et al., 2009) . Physical inactivity increases the risk of numerous deleterious physical and mental health outcomes (Penedo & Dahn, 2005) , and sedentary behavior has been identified as one of the leading preventable causes of death in the United States (Mokdad et al., 2004) . Current recommendations are that able individuals engage in no less than 30 min of moderateintensity physical activity (e.g., walking at a brisk pace) on most days of the week (Haskell et al., 2007; USDHHS, 2008) , yet according to the National Health Interview Survey, only 32.4% of adults in the United States are active at this level (Pleis et al., 2009) . Clearly, it is extremely important to develop successful interventions to increase physical activity among sedentary adults.
The delineation of individual differences influencing exercise behavior is complex and likely includes social-cognitive, genetic, physiological, and affective factors (Bryan et al., 2007a (Bryan et al., , 2007b . One potential way of organizing individual differences important to understanding who is most likely to initiate exercise behavior is a transdisciplinary framework we recently proposed (see Fig. 1 ; Bryan et al., 2007a Bryan et al., , 2007b Bryan et al., , 2011 . In this framework, genetic factors influence both an individual's physiological responses to exercise (e.g., body-temperature regulation), their subjective experience of exercise (e.g., affective response, perceived exertion), and potentially directly influence exercise behavior. Physiological responses may also influence one's subjective experiences, (path b) and those subjective experiences will influence motivation to exercise (path c, e.g., attitudes towards exercise, self-efficacy for exercise, intentions to exercise; Kwan & Bryan, 2010a) . Importantly, the subjective experiences of exercise include interpretations of physiological changes occurring during exercise (e.g., perceived pain due to increased lactate). Motivation, in turn, influences exercise behavior (pathway d) and increased exercise behavior (i.e., more minutes of physical activity per week) recapitulates the model, affecting both physiological responses to exercise (path a), and, potentially, gene expression (Booth & Neufer, 2006) . Therefore, the framework is circular and dynamic. The framework also proposes two bi-directional paths (c and d) which highlight the complexity of the interplay between physiological, behavioral, and cognitive factors. Path c proposes that not only will affective responses to exercise lead to increased motivation to exercise Kwan & Bryan, 2010b) , but increased motivation can also influence affective responses to exercise (Annesi, 2005) . Path d proposes that motivation will not only lead to more sustained exercise over time, but exercise itself will increase motivation. For example, in a prospective study among older adults, engaging in exercise predicted self-efficacy towards exercise (McAuley et al., 2003) .
For the current illustration of this framework, motivational constructs were derived from multiple motivational perspectives in order to illustrate that the motivational constructs can be captured using any theory-based theoretical motivational construct depending on the goals of the individual research study. In this study we used a range of motivational constructs including attitudes, norms, and intentions regarding the behavior from the Theory of Planned Behavior (Ajzen, 1991) , which has been used to predict a wide range of health behaviors, including physical activity (Armitage, 2005) . We also measured self-efficacy from Social-Cognitive Theory (Bandura, 1986) , a construct which has consistently predicted exercise behavior in the literature (e.g., Bryan et al., 2007a Bryan et al., , 2007b Focht et al., 2007; Jerome et al., 2002; Kwan & Bryan, 2010b; McAuley et al., 2003) , and intrinsic motivation from SelfDetermination Theory (SDT; Deci & Ryan, 1985) , a construct which is strongly predictive of physical activity (Caldwell Hooper & Bryan, 2011; Ryan et al., 1997) .
The framework implies that the ability to physiologically and psychologically adapt to and cope with physical activity will partially determine whether an individual Physiological exercise response to affective exercise response, responds to an intervention to increase exercise behavior. For example, an individual who is better able to modulate body temperature may experience more positive immediate benefits of exercise (e.g., increase in positive affect) resulting in greater motivation to exercise. Importantly, a positive immediate experience of exercise translates into more stable intentions to engage in exercise (Kwan & Bryan, 2010b ) and higher levels of future exercise behavior (Kwan & Bryan, 2010a; Williams et al., 2008) . Exercise promotion interventions are generally modestly successful at best, and interventions work better for some than for others (Marcus et al., 2000; Rothman et al., 2004) . The set of constructs and relationships defined in our framework suggest a way of understanding who is more or less likely to initiate exercise behavior, who is more likely to respond successfully to an exercise intervention, and long-term, may provide a better understanding of who is more likely to maintain exercise behavior. This latter point holds particular importance because exercise interventions have been general success in motivating adoption of physical activity; however, maintenance of physical activity resulting from these interventions has been much more elusive (Bock et al., 2001; Marcus et al. 2000; Rothman et al. 2004) .
A framework such as this can be used to test moderation hypotheses in the context of the implementation of previously successful interventions to increase physical activity. In one investigation using this type of intervention (STRIDE; Marcus et al., 2007a Marcus et al., , 2007b , Marcus et al. (2007a) compared the effects of two 12-month long tailored non face-to-face interventions (print and telephone) with an exposure-matched health education control intervention on physical activity. At a 12-month follow-up, participants in the print-based intervention reported significantly more physical activity than either the phonebased or control interventions, suggesting that print-based methods may be more effective at increasing physical activity (Sevick et al., 2007) . This same print-based method is the approach we used here.
Investigations like STRIDE are extremely complex, and it is difficult to include a broad range of individual-difference variables suggested by various disciplines (genetics, physiological and psychological factors) into the same study both because of logistical complexity for the investigator as well as subject burden. Thus, consistent with other similarly complex physical activity randomized clinical trials that publish baseline data and methods (e.g., Bock et al., 2010; Brown et al., 2009; Jung et al., 2010; Maddison et al., 2010; Marcus et al., 1997 Marcus et al., , 2007b , the purpose of this paper is to present the design, methods, and baseline data from the Colorado STRIDE (COSTRIDE) intervention trial in order to illustrate how theory-based individual difference variables can be integrated into a randomized controlled exercise intervention trial. Specifically, we will (1) describe the study and rationale of COSTRIDE; (2) describe our sample; and (3) provide a preliminary examination of the relationships between variables at baseline. We will fully describe the methods involved in our multi-session 12-month long intervention trial involving genetic, physiological, and psychological moderators.
Methods
COSTRIDE was a 12-month randomized controlled trial conducted at the University of Colorado at Boulder (CU). Participants were randomized into either the STRIDE exercise intervention condition (herein referred to as COSTRIDE) or a health-and-wellness contact control condition. Participants completed three baseline sessions (orientation, fitness assessment, and submaximal exercise session), and follow-up assessments at 3, 6, 9, and 12 months following randomization. Participants were compensated up to $300 for completing the study-receiving increments for completion of each phase. 
Participants
Participants were inactive, but otherwise healthy, men and women (ages 18-45). All participants were recruited from the Denver-metro area and the CU community (including students). Participants were primarily recruited through electronic ads placed in campus bulletins, on Craig's list, and on social-networking websites. Flyers were posted throughout the CU campus, local churches, community centers, and recreation centers. Participants were also recruited at local festivals, farmer's markets, and campus events. Advertisements and flyers provided a basic description of the study including the time commitment, primary inclusion and exclusion criteria, and compensation.
Individuals were excluded if they smoked cigarettes, were on a restricted diet, taking psychotropic medications, receiving treatment for any psychiatric disorder, diabetic, had a history of cardiovascular or respiratory disease, had the flu or illness in the previous month, or were pregnant (if female). During the recruitment process, inactive was defined as less than 90 min of voluntary moderate-or vigorous-intensity physical activity per week for the past 3 months. All participants were required to have a body mass index (BMI) between 18 and 37.5, be physically capable of engaging in moderate-intensity physical activity, have a regular menstrual cycle (if female), be willing to be randomly chosen for one of the two interventions, and give informed consent.
Three hundred thirty-eight individuals were recruited for this study; thirty-eight were dropped prior to randomization for not meeting inclusion criteria, twelve were not able to complete the submax test, thirty-one could not be reached after the submax test, and nineteen declined to continue participation. A total of 238 individuals (189 female, 49 male) completed baseline assessments and were randomly assigned to either the exercise (n = 123) or health-andwellness (n = 115) condition.
Procedure
Following baseline sessions, participants met privately with a trained health educator to be randomized (by coin flip) and learn about their program. Participants in the COSTRIDE exercise intervention were instructed in basic physical activity information (including various moderateintensity activities), goal setting, and physical activity tracking using provided logs. They were told their goal was to increase their moderate-intensity physical activity to at least 5 days a week for 30 min a day.
COSTRIDE participants received mailings with individually-tailored messages and information based on their currently salient barriers to and level of motivation for increasing physical activity at 14 time points: weekly during Month 1, biweekly during Months 2 and 3, monthly during Months 4-6, and bimonthly during Months 7-12. Details regarding the development and administration of the COSTRIDE intervention, as well as the assessments used to develop intervention material are available elsewhere (Marcus et al., 2007b) . Briefly, participants in the COSTRIDE intervention completed a series of theorybased questionnaires via mail. Based on the responses to these questionnaires, participants were mailed a printed report of the feedback generated by a computer expert system, a self-help manual matched to their stage of motivational readiness for physical activity adoption, and a series of tip sheets. The printed report was a series of individually-tailored messages based on the Stages of Motivational Readiness Model (Prochaska & DiClemente, 1983) and Social Cognitive Theory (Bandura, 1986) that were generated by a computer-based expert system. Depending on the constellation of responses to each of the selected questionnaire items, the computer expert system extracted an appropriate paragraph containing a physical activity counseling message relevant for the participant, thereby mimicking the types of responses that would be delivered in a face-to-face counseling session with a health educator. The content of the expert system paragraphs covered two broad domains: (1) an assessment of the individual's current stage of motivational readiness for physical activity adoption (motivational feedback), and (2) an assessment of the individual's self efficacy, decisional balance, and use of cognitive and behavioral processes associated with physical activity adoption (construct Table 1 Table 1 presents the schedule of mailings and content for the COSTRIDE intervention. Participants in the health-and-wellness contact control were provided with printed materials informing them about various topics including healthy cooking, stress management, and quality sleep and were told their goal was to increase overall health and well-being. They received (nontailored) uniform printed mailings at the same 14 timepoints as individuals in the COSTRIDE intervention.
Measures
Questionnaire packets completed by participants at baseline, 3, 6, 9, and 12 months measured psychosocial motivational constructs and self-reported levels of voluntary physical activity. The baseline measures included a wide range of demographic variables, including past exercise experience. Specifically, participants were asked to indicate whether they had ever exercised regularly for 6 months or more and then stopped for an extended period of time (3 months or more).
Before answering questions, participants were reminded that the definition of aerobic activity in the current context was ''any activity that uses large muscle groups, is done for at least 20 min each time, and is done at a level that causes your breathing to be heavy and your heart to beat faster.'' Table 2 describes each measure assessed at all sessions and follow-ups.
Primary outcome measures: physical activity
Physical activity was measured in two ways. The 7-Day Physical Activity Recall (PAR; Blair et al., 1985) , a researcher-administered interview, assessed minutes and intensity of physical activity including voluntary aerobic exercise, work-related activity, leisure-time physical activity, and walking over the previous 7 days. Trained interviewers walked each participant through every day of the past week in order to get detailed information about their physical activity. This measure is widely used in exercise research, has demonstrated reliability and validity (Dishman et al., 2001; Pereira et al., 1997) , and is sensitive to changes in moderate-intensity physical activity (Dunn et al., 1999; Marcus et al., 2007a) . The 7-day PAR was administered at baseline, 6-and 12-month follow-ups. Self-reported levels of voluntary exercise were assessed with three questions specifically targeting voluntary aerobic exercise (Bryan & Rocheleau, 2002) . Participants indicated how often they had engaged in aerobic activity in the past 3 months (1 = never to 7 = often) and the average number of days per week they engaged in aerobic exercise for at least 20 min over the past 3 months and the past week. These items were standardized and averaged, a = .75. Initially, self-report measures were validated on a subset of participants by accelerometers and were found to provide information equivalent to the PAR (Kwan et al., 2007) . However, due to higher than expected costs, subject burden involved in returning the units, the ability to only sample a subset of participants, and the lack of added gain in measurement, their use was discontinued in the early stages of the project.
Fitness test
Cardiorespiratory fitness was assessed by measuring oxygen uptake using a Balke protocol (a graded maximal exercise test) on a motorized treadmill. Consistent with established procedures (Christou et al., 2005) , maximal oxygen capacity (VO 2 max) was assessed via online computer-assisted open-circuit spirometry using the Medgraphics Cardi02/CP system (St. Paul, MN) during incremental treadmill exercise (Trackmaster 425 treadmill, Newton, KS). Participants warmed up for 2-5 min to determine a speed corresponding to 70-80% of age-predicted maximal heart rate. Participants ran/walked at this speed, while the grade increased by 2.0% (or increased by 2.5% if the speed was greater than 6.0 mph) every 2 min until volitional exhaustion. Valid measurement of VO 2 max required three of four criteria be met as outlined in previous work (Evans et al., 1995; Pimentel et al., 2003) . Weight and height measurements for calculation of BMI were measured and saliva samples (5 ml) were collected for DNA extraction before the fitness test.
Exercise motivation
To illustrate the flexibility of the framework to incorporate a wide range of motivational perspectives, we included motivational measures drawn from a number of motivational theoretical perspectives. We examined attitudes, norms, and intentions from the Theory of Planned Behavior (Ajzen & Madden, 1986) , self-efficacy from Social-Cognitive Theory (Bandura, 1986) , and intrinsic motivation from Self-Determination Theory (Deci & Ryan, 1985) as our operationalization of the motivational construct in the transdisciplinary framework. Behavioral beliefs representing attitudes towards exercise were measured using the physical activity enjoyment scale (PACES; Kendzierski & DeCarlo, 1991) , a = .91. The PACES utilizes 18 bi-polar statements (e.g., I like it/I hate it) describing how an individual feels about exercise. For each statement, participants rated how they felt ''at the moment'' about physical activity on a seven-point bi-polar scale. The measurement of social norms and intentions were drawn from our previous work applying TPB constructs to physical activity (Bryan & Rocheleau, 2002; Bryan et al., 2007a Bryan et al., , 2007b . Perceived social norms about exercise were measured with nine items assessing how important others view exercise (e.g., ''Most people who are important to me think I should do aerobic exercise.''), a = .86. Intention to engage in aerobic exercise was measured with four items assessing the perceived likelihood of exercise behavior in the next 3 months (e.g., ''How likely is it that you will go to a recreation center or health club to do aerobic exercise in the next 3 months?''), a = .68. Responses for perceived norms and intentions were made on seven-point scales (1 = disagree strongly, 7 = agree strongly). Intrinsic Motivation for physical activity was measured using the 21-item Intrinsic Motivation Index for Physical Activity (IMI; Lee & DiClemente, 2001 ) adapted from McAuley and colleagues' Intrinsic Motivation Index (McAuley et al., 1989 (McAuley et al., , 1991 . Participants indicated how much they agreed or disagreed with each statement about motivations for engaging in exercise (e.g., ''I enjoy participating in physical activity very much.'') on a seven-point scale (1 = strongly disagree, 7 = strongly agree), a = .68. Scores can range from 21 to 147. This measure has good internal consistency and validity (Buckworth et al., 2007; Vallerand & Fortier, 1998) . Self-efficacy was measured with nine items assessing one's perceived confidence in their ability to engage in aerobic exercise (e.g., ''I feel confident that I could do aerobic exercise for at least 90 min per week.'') and to engage in aerobic exercise in the face of barriers (e.g., ''I feel confident that I could do aerobic exercise even if the weather was bad.''). Responses were made on a seven-point scale (1 = strongly disagree, 7 = strongly agree), a = .86 (Bryan & Rocheleau, 2002; Bryan et al., 2007a Bryan et al., , 2007b . Specific details and instructions for measurement of these motivational constructs are available in Online Resource 1.
Submaximal exercise session
Approximately 1 week after the fitness test, participants completed a 30-min bout of physical activity on the treadmill at 65% of their previously estimated VO 2 max (assessed during the fitness test). Prior to beginning activity, resting heart rate and blood pressure measures were taken and a nurse inserted an intravenous catheter to collect blood samples during the bout. Intensity was maintained by measuring oxygen uptake and expired CO 2 for 2-3 min at the beginning of exercise and at 10 and 20 min during exercise. All participants were able to maintain the submaximal workload in terms of exercise intensity; however, 12 individuals were dropped due to problems with the IV placement and blood draws (e.g., discomfort, light headedness, dizziness).
Affective response
The following items were measured at six points during the submaximal exercise session: 5 min prior to activity, immediately before activity began, 10, 20, and 30 min into activity (directly before completion of the session), and 5 min post activity. The Physical Activity Affect Scale (PAAS) is a 12-item scale assessing exercise-induced feeling states (positive affect, negative affect, tranquility, and exhaustion). Participants rated their current state for each item (enthusiastic, energetic, upbeat, miserable, discouraged, crummy, calm, relaxed, peaceful, fatigued, tired, worn-out) using a five-point scale (0 = do not feel to 4 = feel very strongly). The PAAS shows adequate internal consistency and discriminate validity among the factors (Lox et al., 2000) . Rating of Perceived Exertion (RPE) is a single-item 15-point subjective measure of exertion ranging from 6 to 20 (6 = no exertion at all to 20 = maximal exertion), has adequate reliability and validity (Borg, 1998) and is frequently used in laboratory studies of exercise (e.g., Petruzzello et al., 2001; Williams et al., 2008) . Perceived pain experienced during exercise was assessed using a single-item 12-point Borg CR10 scale (Borg, 1998) (0 = no pain at all to 10 = extremely intense pain). The Feeling Scale (FS; Hardy & Rejeski, 1989 ) is a single-item, 11-point (-5 = very bad to +5 = very good) measure that corresponds with the valence component of Russell's circumplex model of affect (Russell, 1980) . It has been used as a measure of general affect during exercise (Hall et al., 2002) and has shown reliability and discriminant validity from the RPE (Hardy & Rejeski, 1989) . The Felt Arousal Scale (FAS) is a six-point single-item subscale of the Telic State Measure assessing perceived activation during exercise (1 = low arousal to 6 = high arousal; Svebak & Murgatroyd, 1985) .
Physiological response
Blood samples were collected to measure lactate concentration and catecholamine levels (epinephrine and norepinephrine) immediately before activity began (11.5 ml), and 10 (5.5 ml) and 30 (11.5 ml) minutes into activity. Tympanic temperature was measured by taking an average of 2-3 temperature readings before activity, three times during activity, and once post-activity.
Genetic factors
Our prior work took a single nucleotide polymorphism (SNP) approach and focused on a SNP in the Brain Derived Neurotrophic Factor (BDNF) gene as a proposed genetic factor involved in voluntary exercise. The BDNF gene was chosen due to evidence linking the neurotrophic factor it codes for to exercise in animal models (Adlard et al., 2005; Donovan et al., 2000; Johnson & Mitchell, 2003; Olson et al., 2006) . Although we focus on the BDNF SNP here, it is just one of many possible genetic candidates (others include the mu opioid receptor SNP OPRM1), and additional exploration is needed to expand our knowledge of genetic impacts on physical activity. With regard to BDNF in these baseline data, any naturally occurring relationships between BDNF and exercise response are likely to be attenuated given that sedentary participants were specifically selected. Nevertheless, we have shown some marginal associations of BDNF with diastolic blood pressure response (r = -.13, P = .05) and pain response (r = .13, P = .06), indicating, along with our prior work with regular exercisers, that BDNF is a good candidate for examination as a moderator of intervention response. Preliminary genome wide association analyses conducted on physiological and affective changes during the submaximal session have resulted in more than 7,400 significant associations between variables in the framework and various genetic markers (Bryan et al., unpublished data) . Thus, describing the full extent of the complex relationships between experiences during exercise and genetic markers is beyond the scope of this paper.
Statistical analysis
Statistical analyses for this investigation were completed using SPSS 15.0 for Windows and the EQS Structural Equation Modeling program version 6.1. Descriptive analyses examining differences between intervention conditions were performed using t-tests for continuous variables and Chi-square analyses for categorical variables. We first computed difference scores for variables assessed during the submaximal exercise session which were measured directly before starting and 30 min into the session (directly before finishing exercise). Then, all variables were checked for normality. With the exception of epinephrine, all variables were normally distributed; therefore, epinephrine difference scores were transformed to approximate normality using a rank-normalizing procedure (Blom, 1958) . Because analyses were conducted on a prioi hypothesized relationships, we maintained a significance level of P \ .05 (Shadish et al., 2002) . Based on examination of relationships in the baseline data, we constructed and tested an exploratory structural equation model in which latent variables were estimated for physiological response to exercise, subjective experience of exercise, and motivation to exercise in the future. Because we had almost no variability on current exercise behavior at baseline (all participants were sedentary) this variable was not included in the model. Table 3 shows the baseline characteristics for participants in the control and exercise interventions. As seen in the table, our randomization procedure created equivalent groups. On average, the sample was 28.18 years of age (SD = 7.87). The majority were White (68.9%), followed by Asian (11.3%), Hispanic (10.9%), Black (3.4%), American Indian/Alaskan Native (2.5%), and multi-racial/ other (2.5%). Participants were predominantly female (79.4%), had an average of 15.81 years of education (SD = 2.60), and more than half had a total household income of $50,000 or more (55.8%).
Results

Demographics
Baseline activity and physiological measures
On average, participants reported engaging in 28.76 min (SD = 51.08) of at least moderate-intensity voluntary exercise over the past week, with a majority (55.5%) reporting being completely sedentary (i.e., 0 min), and 65% reporting having been physically active in the past. In addition, they reported engaging in aerobic exercise 1.07 days (SD = .97) per week over the past 3 months and less than 1 day (M = .89, SD = 1.04) in the past week. Participants' average estimated VO 2 max was 33.99 ml/kg/min (SD = 7.85) and they had an average BMI of 25.09 (SD = 4.72) indicating that on average they were overweight. Participants also had normal resting heart rates (M = 73.89 bpm, SD = 12.10), systolic blood pressure (SBP; M = 114.22, SD = 12.68), and diastolic blood pressure (DBP; M = 68.4, SD = 8.74).
Relationships between physiological and affective response
Correlations between physiological and affective responses to exercise are presented in Table 4 . With the exception of DBP, physiological responses experienced during the exercise bout were consistently associated with affective No significance differences were found between intervention conditions. Five significant gender effects were found. Woman were older (P \ .001), had higher exercise norms (P = .002), lower resting SBP (P = .003), lower VO 2 max (P \ .001), and reported less voluntary moderate-intensity physical activity (P = .02) than men a 1 = never to 7 = often b For descriptive purposes, the individual self-report physical activity items are included in this table; however, analyses are only conducted on the standardized combined measure responses. Greater increases in lactate were associated with smaller increases in positive affect, tranquility, and positive feelings, and greater increases in negative affect and pain. Greater increases in both epinephrine and norepinephrine were both associated with greater increases in pain and RPE. Greater increases in epinephrine were also associated with greater increases in negative affect and smaller decreases in tranquility.
Relationship between affective response and motivation
Correlations between affective responses during physical activity and motivation measures are presented in Table 5 . Greater increases in tranquility, positive feelings (as measured by the Feeling Scale), arousal, and smaller increases in pain were associated with more positive attitudes towards exercise. Smaller increases in exhaustion and Correlations of P \ .10 are in bold face * P \ .05; ** P \ .01; *** P \ .001; a P = .07; b P = .08. ± Higher numbers indicate a more positive feeling-state greater increases in tranquility were associated with higher intentions to exercise. Greater increases in RPE during exercise were associated with higher exercise self-efficacy. Finally, smaller increases in arousal and pain, and greater increases in RPE were associated with more intrinsic motivation.
Exploratory structural equation model
The goal of the final analysis was to conduct a multivariate, path analytic test of the relationships proposed in the transdisciplinary framework (see Fig. 2 ). We focused here on the links proposed between physiological response to exercise, subjective experience of exercise, and motivation to exercise in the future. We first examined the correlations among variables hypothesized to capture each of these domains, and empirically selected those that displayed at least moderate correlation with each other, and moderate correlation with variables in other domains. For example, as presented in Table 4 , change in lactate is empirically associated both with other physiological response variables (change in temperature, change in heart rate), and also with subjective experience of exercise variables (perceptions of pain and affect). Thus, although the domains characterizing the latent constructs are based on a priori theory, our selection of variables that comprise the latent constructs are post hoc and based on empirical associations in the data. The latent variable for physiological response to exercise was formed from five measured indicator variables: temperature change in response to exercise (Temp D), lactate change in response to exercise (Lactate D), systolic blood pressure change in response to exercise (SBP D), norepinephrine change in response to exercise (NorEpi D), and heart rate change in response to exercise (HR D). The latent variable for subjective response to exercise was formed from two measured indicator variables: perceived pain and feelings in response to exercise (as measured by the Feeling Scale). Note that both scales are coded such that a positive loading indicates a more negative response (i.e., more pain, more negative feelings). The motivation latent variable was formed from three measured indicator variables: attitudes towards exercise, self-efficacy for exercise, and intrinsic motivation to exercise. The framework proposes that there is variability in physiological responses to exercise that partially explains an individual's subjective experience of exercise, and those subjective experiences of exercise then influence motivation to exercise. This was the causal structure imposed on the model. Due to some missing data on various indicator variables, we utilized the full information maximum likelihood estimation option within EQS to account for missing data (Schafer & Graham, 2002) . Accordingly, we utilized robust estimation of standard Behav Med (2013) 36:20-33 29 errors, and report the Yuan-Bentler rescaled v 2 for use with robust estimation (Yuan & Bentler, 2000) . The adequacy of the model is assessed both in terms of the significance of the estimated loadings and hypothesized structural paths, as well as the estimation of overall measures of goodness-of-fit of the data to the model (c.f., Bryan et al., 2007b) . Goodness-of-fit was determined based on an evaluation of the root mean square error of approximation (RMSEA; Steiger, 2007; Steiger & Lind, 1980) and the Comparative Fit Index (CFI; Bentler, 1990) . Guidelines for cut-off points suggest that values close to or above .90 for the CFI, and .07 or lower for the RMSEA are indicative of good fit. According to these criteria, this model was an adequate fit to the data, Yuan-Bentler scaled v 2 (33, n = 238) = 75.42, P \ .001, CFI = .889, RMSEA = .069. All indicators had significant loadings on their hypothesized latent variables, and both structural paths in the model were significant. Standardized parameter estimates along with significance values can be seen in Fig. 2 . The findings indicate that a more negative physiological response to exercise (e.g., greater increase in lactate, greater increase in norepinephrine, greater increase in heart rate) is associated with a more negative subjective experience of exercise (e.g., more pain, relatively more negative affect). In turn, a more negative subjective experience of exercise is associated with less motivation to exercise in the future. Because the exact indicators of the latent variables in the model were empirically derived, this exploratory model requires replication in future studies, but provides excellent preliminary support for the relationships hypothesized in the transdisciplinary framework.
Discussion
Exercise behavior is multifaceted and likely influenced at the individual level by biological, psychological, behavioral, and genetic factors. Obtaining a better understanding of how these multiple individual difference factors work together to influence the initiation of physical activity is important as it can provide researchers and clinicians with information that can be used to develop effective targeted interventions for both initiating and, ultimately, maintaining physical activity. Our goal here was to demonstrate how these multiple factors of influence (derived from various areas of research) can be incorporated into a single study. Specifically, we focused on how a transdisciplinary framework (Fig. 1) can guide the selection of important individual-difference variables. Comprehensive studies that explore relationships among individual-difference variables have the potential to identify moderators of the effectiveness of interventions and, ultimately, inform the design, targeting, and tailoring of more effective physicalactivity interventions.
To provide preliminary support for our chosen moderators, we assessed the relationship between physiological responses and affective responses to exercise and we found these factors to be associated with each other in ways that are consistent with our framework (Table 4) . Specifically, changes in lactate were associated with changes in negative affect, tranquility, and positive feelings (and moderately associated with positive affect); changes in epinephrine were associated with changes in negative affect, tranquility, perceived pain, and perceived exertion; changes in norepinephrine were associated with changes in pain and perceived exertion; and changes in heart rate were associated with changes in negative affect, exhaustion, tranquility, arousal, and perceived exertion. Importantly, perceived exertion was associated with greater increases in exhaustion, pain, and arousal, and with lesser increases in tranquility and positive feelings suggesting that the interpretation of one's physiological response to exercise is related to how he or she affectively responds. Taken together, these relationships suggest that how one physiologically responds to exercise may be translated into one's subjective and affective experience of exercise, a finding consistent with the transdisciplinary framework.
Although the relationships were not large, there were significant associations between affective response and motivational variables, consistent with the notion that one's affective response to exercise is associated with motivation to exercise . Specifically, a greater change in tranquility and positive feelings, and smaller change in arousal and pain were associated with more positive attitudes towards exercise, while smaller change in exhaustion and higher tranquility were associated with greater intentions to exercise in the future, and less change in arousal and pain were associated with greater intrinsic motivation. RPE was also associated with self-efficacy and intrinsic motivation. The perception of working hard during exercise seems to have been associated with greater confidence in abilities to exert oneself during exercise in the future. This finding is especially important among sedentary individuals who likely have less experience with exercise than their more active counterparts. That is, they may not know they are capable of working hard, but once they try it, they discover confidence in their abilities to continue to exercise. Thus, the subjective experience of exercise was associated with motivation.
Finally, we tested an exploratory structural equation model identifying latent variables that characterize the physiological response to exercise, the subjective experience of exercise, and the motivation to engage in exercise behavior. As predicted, a greater responsivity to acute exercise (e.g., greater increases in temperature, Norepinephrine, systolic blood pressure) was associated with a more negative subjective experience of exercise (i.e., greater perceived pain and more negative feelings in response to exercise). The more negative one's subjective experience of exercise, the weaker was their motivation to engage in exercise behavior. These relationships support the overall structure of the transdisciplinary framework, and illustrate the flexibility of the framework to incorporate a range of biological, subjective, and psychological constructs.
The advantage of the type of multifaceted approach we have outlined here is its novelty and the extent to which the focus is on the overarching ''big picture'' of a complex behavior. The framework we utilize is useful as a foundation for stimulating and encouraging innovative research. Additionally, this approach highlights the idea that by better understanding a broad range of factors involved in exercise initiation and maintenance, including socialcognitive, genetic, physiological, and affective factors, researchers will be better able to design and implement efficacious interventions for this purpose.
One drawback is that such an approach cannot have the specificity or detail in any one domain. For example, there is extensive work on affective response to exercise with the conclusion that, in general, exercise leads to improvement in mood (Reed, 2005) , although this finding is by no means universal (Focht et al., 2007) suggesting that individual differences play a role in affective responses to exercise. Another drawback is that we focus entirely on individual difference variables, and certainly do not provide full coverage of all possible important individual difference variables. Ultimately, beyond the domain of individual difference variables, there are numerous social and environmental factors that are also crucially important to fully understanding exercise behavior and its maintenance. Thus, use of the PACES with sedentary individuals may be an issue because people who have not experienced physical activity are not in a position to evaluate it. However, it is extremely unlikely that any person has not physically exerted themselves in some way in the past. In fact, 65% of the current sample acknowledged being physically active for at least 6 months in the past, and no significant differences were found for attitudes towards exercise, intentions to exercise in the future, self-efficacy towards exercise, or intrinsic motivation about exercise between past regular exercises and past non-exercisers. Importantly, although participants indicated whether or not they had been previously active for an extended period of time using a dichotomous response choice, we do not know the nature of the activities during these periods, the intensity of these activities, the duration of the active period, or how long ago the periods occurred. Thus, we cannot determine conclusively the effect of past regular exercise on these motivational constructs in the current paper. We also rely on difference scores to capture the essence of change in physiological and affective factors experienced during the submax session. Using difference scores could result in misleading interpretations (Edwards 2001) , although there is not agreement about this point and some routinely recommend their use (Judd & McClelland, 1989) . Another concern with the current study may be the lack of objective measurement of self-reported physical activity. As mentioned previously, self-reported physical activity during each 3-month follow-up period was originally intended to be validated using accelerometry; however, due to subject burden, cost, and lack of added measurement gain, use of accelerometers was discontinued. Nevertheless, selfreported physical activity was not validated in this study and therefore there is a possibility of individuals reporting in a socially desirable manner (e.g., reporting more physical activity than they actually did) or inaccurately reporting physical activity due to retrospection. Finally, the sample used in the current study was drawn from a community which tends to be highly active and offers many resources for living an active lifestyle. Thus, the results from the current investigation may not be generalizable to other populations with fewer available resources. Relatedly, given the exploratory nature of our structural equation model, these findings require replication in general, and replication in different populations, in particular.
Conclusion
The purpose of this paper was to illustrate how theorybased individual difference measures can be incorporated into a large-scale exercise intervention trial. A particular strength of this research is its focus on sedentary individuals, a group for whom testing of relationships among genetic factors, physiological indicators, and affective responses to exercise is rare, but for whom the data are crucially important. Despite the difficulty and complexity of these types of studies, it is highly likely that exercise interventions among sedentary individuals may be more efficacious if a broader range of individual difference factors influencing physical activity and the relationships among them are understood. Given extremely high rates of sedentary lifestyle, and the enormous benefits to be gained in terms of the decrease of incidence of cancer, cardiovascular disease, hypertension, and type II diabetes, it is of crucial importance to gain information that will aid in the development of effective and targeted interventions to increase regular physical activity among those who do not currently exercise.
National Center for Research Resources, National Institutes of Health (M01-RR00051)-now the Colorado Clinical and Translational Sciences Institute (UL1-RR025780).
